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1. INTRODUCTION 


The Chiofaro Company has retained the authors of this 
report to study the potential pedestrian level wind 
impacts associated with the development of International 
Place at Fort Hill Square. The wind studies have been 
undertaken in two parts. Part 1, which was completed in 
March 1984, documented Pedestrian Flow Visualization 


Testing. The Part 1 Studies had six objectives: 


1. Provide general conclusions on the nature of the wind 
environment in the project site area. 

2. Describe, qualitatively, the nature and locations of 
project-related changes in the wind environment. 

3. Test the relative difference in wind environment 
associated with various phases of project development. 

4. Compare qualitatively the wind environment at _ the 
International Place site to wind conditions adjacent 
to other tall buildings in Boston. 

5. Investigate potential for affecting local dispersion 
of air pollutants, and 

6. Select the ground level locations from which the 
detailed, quantitative wind tunnel data would be 
recorded in the subsequent Part 2 wind tunnel modeling 


effort. 


The objectives of part one were accomplished through 
“smoke test" observations of flow patterns in the wind 
tunnel under a variety of wind speeds and directions. 

This report is Part 2 of the pedestrian level wind 
studies. The purpose of Part 2 is to present the results 
of the quantitative analysis that has been undertaken 


based upon the results of Part 1. Numerical analysis of 
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median wind speeds and effective gust velocities for the 
pre-construction, Phase I and Phase II configurations of 
International Place has been undertaken in the Colorado 
State University (CSU) wind tunnel. Statistical 
representations of pedestrian level wind velocities were 
obtained at approximately 50 receptor locations, about the 
project site, selected based upon Part 1 results. The 
receptor site locations chosen are depicted in Figures 1 
through 3. The numbers of test sites chosen, by site 


configuration, are as follows: 


PRE - Preconstruction configuration, 47 locations (see 
Figure 1) plus a calculated open-country site. 

PH1 - Phase 1 (south) tower aad a portion of the enclosed 
courtyard, 50 locations (see Figure 2). 

PH2 - Complete project including south tower, north tower 
and lowrise structure, 47 locations (see Figure 3). 


The results of the quantitative wind tunnel modeling 
at these receptor sites have been recorded and compared to 
the ambient wind environment in Boston, to existing wind 
levels at other existing sites in the financial district, 
and to the informal BRA wind design guidance level 
(effective gust velocity exceeded 1% of the time < 31 mph). 


2. SUMMARY OF RESULTS 
Based upon the exhaustive wind tunnel modeling analysis 
the authors have arrived at several conclusions. Among 


the more salient points are the following: 
o Boston is an extremely windy city. Effective gust 


velocities exceeded one percent of the time, even in 


open areas not influenced by adjacent high-rise 
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Pedestrian Velocity Measurement Locations for 


Configuration PRE 
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Pedestrian Velocity Measurement Locations for 


Configuration PH1 
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Pedestrian Velocity Measurement Locations for 


Configuration PH2 


Figure 3. 
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structures (such as locations similar to Piers 1, 2, 
3, and 4 and Logan Airport), are 30 mph. Since the 
City's informal wind design guidance criterion is 31 
mph small changes in the natural wind field can result 
in exceedances of the criterion. Accordingly care 
must be taken in applying the informal wind design 
guidance, and in interpreting the significance of wind 
levels in Boston. 

o Existing wind velocities at six of the 47 PRE receptor 
locations exceed the informal wind design guidance 
level. The highest of these is 49 mph, which is well 
above the 31 mph city design guidance criterion. 
These areas of elevated pedestrian wind levels reflect 
Boston's high ambient and levels and the effects of 
existing high-rise construction. These receptor 


locations include: 


#2 Franklin/Congress @ 36 mph 

#24 Harbor Towers Site @ 37 mph 

#25 Harbor Towers Site @ 36 mph 

#32 Atlantic Avenue @ 49 mph 

#33 Atlantic Avenue @ 33 mph 

#34 Expressway/Pedestrian Bridge @ 34 mph 


o The introduction of International Place affects local 
wind environment in a complex manner. There are 
increases and decreases in wind speed, and areas in 
which no change takes place. The presence of Interna- 
tional Place (full Build) generally increases wind 
speeds immediately adjacent to the project site. 
However, in all but two cases the modeled wind speeds 
do not exceed the City's informal wind design guidance 


criterion. The exceptions are: 
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#37 Oliver Street, where effective gust velocity is 
34 mph, only 3 mph above the design guidance criterion 
and 4 mph above the ambient Boston wind levels. 

#38 Oliver Street, where effective gust velocity is 
35 mph, 4 mph above the design guidance criterion and 


5 mph above ambient. 


o The introduction of International Place decreases wind 
levels at eleven locations. Sites #33 and #34, 
Atlantic Avenue and the pedestrian bridge above the 
expressway, were brought from PRE levels above the 
City design guidance criterion (33 mph and 36) to 


levels at or near the 31 mph criterion. 


fe) One wind hot spot stands out in the analysis. It 
is location #32, on Atlantic Avenue, east of the 
International Place site. Its PRE, PH1l and PH2 
effective gust levels are 49 mph, 47 mph and 
53 mph respectively. These troublesome levels 
exist with or without the project. The project 
has relatively little effect on the elevated winds 


here. 


These points demonstrate that the International Place 
site is fairly representative of the wind environment in 
Boston. The introduction of International Place (full 
Build) will alter the effective gust velocities primarily 
on the streets and sidewalks immediately abutting the 
site. At these locations winds will be increased, but the 
expected increases result in acceptable conditions for 
pedestrian level activity. No passive recreation areas 
are affected and the streets remain suitable for 


pedestrian traffic. 
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The changes in wind speeds are consistent with the 
types and magnitude of changes one should expect at an 
exposed location in a windy city. The design has no 
unique characteristics which exaggerate pedestrian level 
winds. On the contrary, the wind tunnel results indicate 
the smooth cylindrical shapes of the high rise elements 
help minimize potential for increases in pedestrian level 
winds. 

Therefore, test results lead to a conclusion that 
predicted pedestrian winds resulting from International 
Place are not excessive for Boston, and should not create 


an unpleasant pedestrian environment. 


3. MEASUREMENT APPROACH AND RESULTS 
Pedestrian velocity measurements were made in the same 
boundary layer wind tunnel used for the flow visualization 
study* (see Figure B.1). Three approach boundary layers 
were established to represent the three different upstream 
approach roughness categories typical of Boston. The 
target boundary layers (defined as "A", "B", and "C"), and 
their azimuthal ranges, are given in Appendix B. Measure- 
ments of the boundary layer characteristics are described 
in Appendix B showing that the target approach boundary 
layers were achieved. Appendix B also shows vertical 
profiles of wind velocity at the project site in the PRE 
configuration. 

Mean and root-mean-square (RMS) wind velocities were 


measured at each pedestrian location in each of the three 


* Peterka, J.A. and J.E. Cermak, Wind Tunnel Study of 
International Place, Boston, Part 1: Pedestrian Flow 
Visualization, CSU Project 2-958200, March 1984) 


Pedestrian Wind Analysis - 11 4125C 


sash? tie “6-00. est~catvnns™-onis” yortnianl 


Se ae at mneesont x0s Lnisneioq waletaln qied 
“tbate 


fesotsereetnt west gatsivest ebatw ontrdesbeq — bsvodbeTq 
Sst0r) S40 Biwods 84d (woTacd_to? avigusees fon 34 sold 
_ Sinem tives esttiesboy tasacsique as 
\ ; 

\ 

STIUESA GNA HOACMSYA TVSMSNUAAMK +f 
dee Od? ct Mim wrow ermasetuerce qlvoleov antsjusbel 
gobsaciiawely wold od7 sof hea trond balw tayes Yrebavod 

‘yrabawd doecrqqs sexdT (16a wiught esa) *“Sat0 
épertaqu DeeteTLih erty Sd> insoezqyet oF dbadutideras grow 
ett aosskot Yo daolqys setragete etvailgvor dosage 
See. ("9" Qae "4" | "A* ee bectleb) azeval yrahaued sogzed - 
=—gtoeeset «4 zibmeqqA a! covig e746 ,eegcns intsvatesn shad 
bedizoeob o1@ s5)yaleevoetals teyAl qabauod wit Jo ase 
vaeiuwed doneiqys seta: wis tedy gohwoles G xtbeeqqA at 
fasitisv weds bale @ xibasqqh .bevalion mew ove 
SW¢ ods Al atte so4f079 “ol 2. esisolay baty to me Ltici9 

. cold sziy FAa0> 
aree atisisoley Batw (OMA) srauge-asee~Joot baw meek 
sends oS Yo dsan wt antseool mafasesbog dove 36 hos venss 


— 


configurations for 16 wind directions. This data repre- 
sents 2320 individual measurements. Non-dimensional wind 
velocities were utilized by dividing by the wind tunnel 
reference velocity Vine at 900 ft. This reference 
velocity was at gradient level for boundary layer "A", 
(see Appendix B) and somewhat below gradient for boundary 
layers "B" and "C". 

Mean, RMS and effective gust (mean plus 1.5 RMS) velo- 
cities are shown as percentages of the reference velocity 
(Vie in Table 2 and the Figures of Appendix C. 

One location in particular needs explanation. Loca- 
tion 48 in the PRE configuration was not a measured loca- 
tion, but represents a theoretical “open space” location 


with a mean velocity of 


900 


6 0.16 
( x 100 percent of Vine 


This is the mean velocity at 6 feet in a 0.16 power law 
boundary layer (similar to boundary layer "A"). An RMS 
velocity of 11 percent of Vine was selected as a typical 
measured value in open country. This theoretical pedes- 
trian location was included for reference purposes and to 
show typical wind velocities of unobstructed flow for 
Boston. 

Table 2 and Appendix C show that the highest mean 
velocities, for all three configurations, as a percentage 
of the mean velocity at 900 feet Vip? were measured 
at location 24 at the base of the Harbor Towers northeast 
of the project site. These values ranged from 86 to 90 


percent of V In the PRE configuration, locations 


inf* 
33, 25, 32 and 2 (all away from the project site) had mean 
velocities greater than 70 percent of Vint for at least 


one wind direction. With the inclusion of International 


Pedestrian Wind Analysis - 12 4125C 


TE ee ea nitemananst aoe aaa 
ee ee eee 

7 eonsawiee atdr at 00. aa. ty, ¥)> welnalet, wpasates 
"tt cereel exthuwed ,x0k Ioval 1oetbarp..28 sew, Ylaolev 

: Cab eR dentnenywoles etennes, be: KS, EAEORY. ome 
‘ "0" tae, O waeeel © 

7 gige (42 Cod wid ween) 300g ev l3:00ts bos OR wake» 
: Rdisolav qnetate: mii to avgeiimozeq aa cwole- ate Goldie 
7 
x 


<a mbbaoggs Yo souugst 942 bas & eldest nb-G,V) 
epoal .cotteeniqes abasg taleoisxeq at soiseol ac 
“sel Dezwaxen 8 ton use mizetugtiaos BIG ej at 6 oobs 
edtes0l *ayage’ s9q0” Lintzesondd & noesiqs? Jvd , ata 
to\yaioolev anne « rte 


on a.0 4 
‘ Siggy Bo monst0eq 004 * we) 
7 Dn 4 
; wel wevog -O1s0 @ ab 2682 9 30 yttooley dasm sda) at ect 
: ad wh 6A" operat ecabaved 02 xpliato) cote! ‘erabaued 
7 dapigt?’ jae desoelso sow 4,V Ao saextey Lt to xtheler - 
~eehay leolsetomis aldl- Vagoee neqo af euler beresene 
pee eaeeqseq acaeyeter tot lebulort sew miiesul peaet 
GOL well. dudoursetony lo satibole bate Leotqes . wore 
| . 5 | ose 
cone #emigtd wit dada ods 0 stbeeggs tae S$ aldel 
egesunoteg © He hipoa psie= seria [fe sob yaetiinolev 
ibezveses = Si0¥ Sai? sect 00C de ¢iboley nese. edd jo 
Pe ee nin etchant 
G8 ct #6 e#avi Dapnss soulov esd? .etia joeletq et3 Yo 
: eetsenel ~elieswetioos 1 ade a *so1" lo Jona7Mm 
mwee bad (adhe tuntosq mt2 moat tawehls) 2 ban BE eS 466 
Siskd 3m. eR 4 .V So smoteg Ot pat? aetneng aetsioaley 
7 teaplerretel to otevioal edd iaiW .gotsnetib batw yoo 
- 


Place, locations 37, 38, 40, 41, 44 and 45, immediately 
about the project base showed mean velocities ranging from 
70-77 percent of Vine for at least one wind direction. 

The highest values of effective gust velocity in the 
PRE configuration (represented by the mean plus 1.5 RMS), 
presented as a percentage of the mean velocity at 900 
feet, were measured at locations 24, 25, 32 and 33. The 
highest values ranged from 100 to 108 percent of the mean 
velocity at 900 feet (Vine? With the PHl or PH2 
configurations, several additional points indicated gust 
velocities above 100 percent for one or more wind 
directions: locations 26, 38, 40, 41, 46 and 50. These 
values ranged from 100-112 percent of Vont° 

Velocity percentages provide an indication of general 
levels of pedestrian comfort. However, they do not 
reflect the frequency with which winds approach from a 
particular sector; nor do they reflect the probability of 
approaching high winds occurring within each sector. The 
result of accounting for these effects is described below. 

The quantitative prediction of pedestrian wind enviro- 
nment was made by combining the statistical description of 
the wind, discussed in Appendix A, with the data of 
Table 2. The resulting statistical distributions of wind 
speeds are presented in the figures of Appendix D. These 
show the percentage of time that mean wind speeds or 
effective (mean + 1.5 RMS) gust velocities exceed a given 
level. On the basis of the figures of Appendix D, the 
position with the highest wind speeds was predicted to be 
location 32, across the freeway from the project site. 
This location, at the corner of a building, had high mean 
wind speeds and effective gust velocities for both the 
build and no-build cases. 

Of interest is the value of mean wind speeds and 


effective gust velocity exceeded one percent of the time. 
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iSumeametes of mean and effective gust velocities exceeded 
one percent of the time are shown in Tables la and lb. 
Note that location 48 in the PRE (No-Build) configuration 
is calculated, not measured. It corresponds to an open 
site, such as the airport directly across Fort Point 
Channel from the project site. Tables la and 1b show that 
both the mean wind speeds and effective gust velocities 
tended to increase or decrease together with addition of 
PH1 or PH2 to the site. 


Several observations are evident from the Table: 


o location 48 in the PRE (No-Build) configuration, rep- 
resenting open terrain, had an effective gust velocity 
of 30 mph, only 1 mph below the city design guidance 
criterion. At Location 31, in an open area where some 
shielding from the mass of the city can be felt, ef- 
fective gust velocities averaged 28 mph for the three 
cases, 3 mph below the design guidance criterion. 
These two locations demonstrate the naturally windy 
environment in the City of Boston. They also show 
that small increases in wind velocity may cause 
exceedences of the informal design guidance criterion. 

fo) Locations where PHl1 and PH2 decreased wind speeds 
includedw 5) 7.5) 2134 

fe) Locations where PHl and PH2 increased wind speeds 
included 4, 8, 14, 18-21, 29, 36-41, 43-47. 

oO Locations where gust wind speeds were above 31 mph in 
the PRE (No-Build) configuration included 2, 24, 25, 
32-34. These locations are at corners of existing 
structures. 

fo) Locations where PHl or PH2 caused gust velocities to 
increase above 31 mph at the one percent exceedance 
level included locations 40, 45 through 47, and 50 for 
PH1, and 37 and 38 for PH2. These locations are pri- 
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marily at the base of the International Place proj- 
ect. The maximum wind levels were 37 mph, (location 
47) under PH1, and 35 mph (location 38) under the PH2 
configuration. Increases above the design guidance 
criterion were also measured at locations 26 and 29. 
These are attributed to the proposed Rowes Wharf 
development which was included in the PH1 and PH2 
configurations, but not in the PRE configuration. In 
addition, the exceedences at location 40 and 45 
through 47 will be temporary since these exceedences 
no longer occur under the PH2 configuration. 

o Location 50 in the PH1 configuration had a gust velo- 
city of 33 mph, however, this point cannot be compared 
directly to the PRE or PH2 configurations as buildings 
occupy this location under these cases. 

fo) The largest single effective gust velocity attribut- 
able to the completed International Place was 35 mph 
(location 35). Sites in the PRE (preconstruction) 
configuration whose peak gusts exceeded 35 mph were 2, 
24 22 mands Sar. 
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TABLE la 


MEAN VELOCITIES (mph) EXCEEDED ONE PERCENT 


OF THE TIME 


Location Configuration Location Configuration 


PRE PHL = PH2 PRE PHL PH2 
iL 20 19 18 26 Dap, 25 722) 
2 25 24 23 27 20 23 22 
3 16 16 16 28 19 13 18 
4 16 16 20 29 20 22 24 
3 22 17 19 30 14 14 16 
6 16 16 iL7/ Sil 22 20 22 
7 20 16 14 32 34 33 37 
8 Lit iby) 16 33 25 22 22 
9 14 16 16 34 25 21 21 
10 16 14 16 35 a7 14 13 
11 7 17) iL7/ 36 9 21 16 
12 20 7, U5} SV7/ 12 22 26 
ils} 16 16 a) 38 3 20 24 
14 13 aS 16 39 14 157 iL7/ 
AUS) 17) 18 20 40 9 25 21 
16 aS 10 a3 41 14 22 23 
17 15 16 U5) 42 alk} 14 14 
18 12 20 23 43 9 16 V7, 
19 10 iL7/ iL7/ 44 WP, 18 23 we 
20 9 I) 19 45 il) 22 20 
Za 2 ily 16 46 14 21 ail 
22 14 a3 14 47 14 26 yal 
23 ALS) ES i> 48 22* 16** 
24 28 29 29 49 17%** 
25 ih 26 27 50 21** 


* This velocity for PRE configuration only corresponds 
to a calculated open-country velocity with V/V = 0.45 
—- see text. 


** Locations which existed only for configuration PH1l. 
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TABLE 1b 


GUST (MEAN + 1.5 RMS) VELOCITIES (mph) EXCEEDED 
ONE PERCENT OF THE TIME 


Location Configuration Location Configuration 
PRE PHI PH2 PRE PHL PH2 
iL 30 28 PAI 26 sil 34 35 
2 36 35 34 27 AAS) 30 30 
3 26 2 26 28 27 Dil 27 
4 25 26 29 29 28 Shik 34 
5 30 24 26 30 22 21 24 
6 24 24 24 31 28 27 29 
i/ 28 25 21 32 49 47 23 
8 18 26 24 33 33 Si 31 
S 2A 24 24 34 36 32 32 
10 24 20 23 35 18 21! 20 
11 27 24 26 36 14 30 25 
12 747) 24 22 37 19 Shik 34 
13 24 23 23 38 21 Paif 35: = 
14 22 23 24 39 22 24 25 
115) 25 24 2, 40 15 34 ~ 30 
16 21 16 7) 41 Post 30 shit 
17 22 22 Le. 42 20 23 zi 
18 ie) 27 30 43 it) 24 723) 
19 US 723} 25 44 i’) 28 Syl 
20 14 18 26 45 21 32 31 
7ail 18 29 23 46 21 33 30 
22 22 20 22 47 24 5)7/ 30 
23 25 25 25 48 30% ..25** 
24 37 37 38 49 27%* 
25 36 36 38 50 33%* 


* This velocity for PRE configuration only corresponds 
to a calculated open-country velocity with V/V = 
0.45, Vrms/V = 0.11 -- see text. 


** Locations which existed only for configuration PHl. 
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WIND DEFINITION 

Definition of the wind climate in Boston is 
complicated by the complex coastal geometry which can 
cause atmospheric stability effects to be significant for 
a wide range of wind speeds. Two types of stability can 
affect the winds: 1) stably stratified winds where the 
ground or water surface is cooler than the overlying air 
mass and 2) unstably stratified winds where the ground or 
water surface is warmer than the overlying air mass. 
Stability effects can effectively change the distribution 
of velocity with height above the surface. The coastal 
site can also influence wind climatology through 
temperature differences between land and water. These 
temperature differences can induce winds locally near the 
coast which are not closely associated with larger 
(synoptic or meso) scale atmospheric motions driving the 
general atmospheric circulations and weather patterns. 
All of these thermally induced effects are most 
influential for the lower speed winds which are 
Significant for pedestrian comfort applications. These 
effects become insignificant for the extreme wind events 
which the building frame and cladding are designed to 
resist. Turbulent mixing at high wind speeds destroys the 
thermal gradients within the atmospheric boundary layer. 

Location of National Weather Service anemometers at 
Logan International Airport provides a good source of wind 
data which is in an open area away from significant 
influence of buildings but close enough to the City of 
Boston to have winds representative of the City. The 
airport has three basic sources of wind data: 1) hourly 
data from an anemometer at 22 feet above ground which 
provides representation data set for pedestrian level 
winds, 2) fastest mile data from an anemometer which 


varied in elevation from 22 feet to 62 feet in elevation 
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which provides low probability event data not present in 
the hourly data at 22 feet, and 3) pilot baloon wind 
profile data which provides information primarily on winds 
at the top of the atmospheric boundary layer. 

An analysis of the surface winds was made to determine 
the consistency of the hourly and fastest mile wind data 
and to determine its applicability for use for pedestrian 
wind analysis and structural loading. Figure A.l shows 
the results of that analysis. The data points are the 
cumulative distribution of winds by direction (open 
circles) and individual fastest mile wind events (solid 
circles). The hourly data were translated to a gradient 
height of 900 feet with a 0.16 power law exponent. The 
fastest mile wind data was converted to an equivalent 
hourly wind using gust factors [Al] and translated to a 
gradient height of 900 feet with a 0.16 power law. Thus, 
both sets of data were brought to a common time average 
and elevation. In actuality, the hourly data are not true 
hourly averages but are minute data obtained once an hour, 
on the hour. The best estimate of the hourly mean from 
those samples is the sample value although some samples 
will obviously be too high or low. A method to correct 
these data to something approximating true hourly means is 
in research stages by the authors, but was not incorpor- 
ated here due to the stability effects noted in the data. 

The fastest mile events shown in Figure A.l were 
established by obtaining the highest, fastest mile for 
each of 8 wind directions for 42 years of record from the 
National Climatic Center, Asheville, North Carolina. The 
336 resulting values corrected to hourly mean at gradient 


level, were ordered from highest to lowest and assigned 
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probabilities of 


where i is the order number of the sample and N = 367,920, 
the total number of hours in the 42 year record. By using 
only the 95 largest values, the resulting velocity/ 
probability combinations should reasonably represent the 
low probability events. The data plotted in Figure A.1l 
show that the fastest mile data form a continuous curve 
with the hourly data. Since fastest mile data was only 
available at 8 wind directions, the values at intermediate 
directions were interpolated. 

The probabilistic model fit to the data and shown on 


Figure 1 was, for each wind direction, a Weibull 


al 
Bw 

2 = jc 
Pci) r= A, 


where A, c and k are constants. The value of A represents 
the fraction of time the wind blows from each of the 16 
directions considered and was obtained from the published 
distribution of hourly data. The sum of A's from all wind 
directions was required to equal 1.0, a necessary condi- 
tion for a consistent probability definition. The values 
of c and k were obtained by least squares fit. 

Examination of Figure A.l shows that the data points 
do not follow precisely a straight line but have a defi- 
nite curvature. This same curvature has been identified 
by Rijkoort [A2] to be due to atmospheric stability 


effects. 
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Because of the significant stability effects noted in 
the data, it is more accurate to use the surface wind data 
(22 feet) for pedestrian winds than to use gradient level 
winds. For the pedestrian wind analysis, the basic data 
was used with linear interpolation between data points, 
rathr than the analytical fit to be sure that all charact- 
eristics of the probability diseribution were properly 
included. This data appears in Table A.l. The transla- 
tion of the data to gradient level did not distort the 
probability distribution since the translation used the 
same neutral boundary layer characteristics which were 


used in the wind tunnel model. 
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EXPERIMENTAL MEASUREMENTS 

Wind velocity measurements were performed in _ the 
environmental wind tunnel at Colorado State University 
(Figure B.1). The same wind tunnel was used during the 
Part 1 flow visualization study. 

Vertical profiles of mean velocity and logintudinal 
turbulence intensity were measured upstream of the model 
to detemine that an approach boundary layer flow 
appropriate to the site had been established. Approach 
profiles were specified the Pedestrian Flow Visualization 
Study. Profiles were also obtained at the building site 
with the building removed to show the influences of 
surrounding buildings. 

In addition, mean vetotey and turbulence intensity 
Measurements were made 5 to 7 feet (full-scale) above the 
surface at each of the pedestrian locations for 16 wind 
directions. The measurement locations are shown in 
Figures 1 though 3. The surface measurements indicate the 
wind environment to which a pedestrian at the measurement 
location would be subjected. The locations were chosen to 
determine the pedestrian environment on and near the pro- 
ject site prior to and after construction and at selected 
locations away from the project site. 

Measurements were made with a single hot-film anemo- 
meter which was mounted with its axis vertical. The 
instrumentation used was a TSI, Inc. constant temperature 
anemometer (Model 1050) with a 0.002 inch diameter 
platinum film sensing element. Output was directed to the 
on-line data acquisition system for analysis. 

Calibration of the hot-film anemometer was performed 
by comparing output with the reference Pitot-static probe 
in the wind tunnel. The calibration data were fit to a 
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variable exponent King's law relationship of the form 

Ee = Age By" 
where E is the hot-film output voltage, V the velocity and 
A, B and C are coefficients selected to fit the data. The 
above relationship was used to determine the mean velocity 
at measurement points using the measured mean voltage. 
The fluctuating velocity in the form V_. (root-mean- 


square velocity) was obtained from 


where Eg is the root-mean-square (about the mean) 
voltage output from the anemometer. For interpretation, 
all turbulence measurements for pedestrian winds were 
divided by the mean velocity Via at 900 feet near the 
edge of the atmospheric boundary layer. Turbulence 
intensity in velocity profile measurements used the local 
mean velocity. 

Mean velocity and turbulence intensity profiles for 


the boundary layer flow approaching the modeled area has 


n 
vi “at |tZe 
Vine inf 


in which V is the mean velocity at height z, Vint is a 


the form 


reference wind speed at reference height Zing at which 
the Pitot-static probe was mounted in the wind tunnel, and 
n is a constant which depends on the characteristics of 


the upstream roughness. 
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Three different approach profiles were to be used in 
the study. Those target profiles and the actual profiles 
obtained in the wind tunnel were: 


Power Law Exponent, n Gradient 
Profile Wind Directions Target Wind Tunnel Height 


a) 25-125° 0.16 0.17 900 
b) 125-215° 0223 0.23 1200 
c) 215-360° ,0-25° 0.30 0.29 1400 


Measured profiles of longitudinal turbulence intensity 
in the flow approaching the modeled area and at the build- 
ing site are shown in Figures Bl through B2. The three 
velocity profiles are close to those selected for the Pe- 
destrian Flow Visualization Study. The turbulence inten- 
sities are appropriate for the approach mean velocity 
profiles selcted. For the velocity profiles, turbulence 
intensity is defined as the root-mean-square about the 
mean of the longitudinal velocity fluctuations divided by 


the local mean velocity U as shown 


V 
ms 


V 


Tus= 


Velocity data obtained at each of the pedestrian 
Measurement locations shown in Figures 1 through 3 are 
listed in Table 2 as mean velocity V/V 5 aE? turbulence 
intensity Ve anes and as the largest effective gust. 


i Seed eae)/ 
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ms 
pk oar 


The mean and peak velocities obtained 5 to 7 feet above 
ground level are plotted in polar form in Appendix C. the 
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graphs show velocity magnitude and the approach wind 
direction for which that velocity was measured. 

Mean velocity percentages above about 70 percent are 
quite high. High mean velocities for 3 to 5 or more 
approach wind azimuths for one location may indicate a 
highly windy environment. Values of a are of concern 
if they are above about 25 percent of Ving expecially 
if accompanied by a large mean velocity. Peak gusts, 


represented by (V + 1.5 Vy in Table 1 can be 


’ 
considered as very large if nets about 100 percent of 
Vee 

To enable a quantitative assessment of the wind envir- 
onment, the wind-tunnel data were combined with wind 
frequency and direction information obtained at Logan 
International Airport. Table Al shows wind frequency by 
direction and magnitude obtained from summaries published 
by the National Weather Service. See Appendix A for a 
discussion of this data. These data, obtained at an 
elevation of 22 feet, were combined statistically with the 
wind-tunnel data of Table 1 to obtain cumulative 
probability distributions of wind speed for the full-scale 
site at each pedestrian measurement’ location. The 
distributions are plotted in Appendix D. These curves 
show, for each pedestrian location, the percent of time 
that a given mean velocity or effective peak velocity is 
exceeded at that location. Because pedestrians will 
tolerae higher wind speeds for a smaller period of time 
than for lower wind speeds, these curves provide a means 


of evaluating the overall acceptability of a pedestrian 


location. 
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APPENDIX C 


POLAR PLOTS OF PEDESTRIAN WINDS 
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POLAR PLOTS OF PEDESTRIAN WINDS 
The graphs included in this appendix show the 
directional variation of measured wind speeds normalized 


by the wind speed at an elevation of 900 feet. 


Appendix C - 2 4146C 


batw eda 


x 
& = 9 adhuegaa 


«3907 OOF To apliovsls us de beoge 
| 


atm age 


=~ 
G 
a 
Pe 
2 
—_ 
a 


56 


3A noitoyupiined 


Umean 


— aa 
ee) 


\\e 


~noeal 
__ paUad = 
Fi) 

vid\es. 


Configuration PRE 


Umean 


.25/Div 

W 2 N 
Urms eS 
.OS/Di 
Uinf 


IV 
Ss 
N 
I 


noltowollnod 
3Aq ; 


0] 
f) 
- hei too 
. na 


Uinf “os 
1.5*Urms 
Uinf 
25/Div 
F NE 
SC 
iF 
Urms CMe 
Uinf Tee 
QS/Div 
S 


Configuration PRE 


a. arm 


Unnean 


“Her tose 


Configuration PH] 
N 
Umean ocation 1{{ 
inf ee te 
——_ CS 


= (PER) 
ae 


Umean 


B/E 


RO) 


| 7 y wae . 
ES 


Location {2 


6 eeijnoe 


Mier 
aa 


~ 


a 
as. 
~ 


vee 
‘ 


¢ eo) Insel 


HS: paltowpiined 
# 


— Se 


ecbvomld 
an ywWee. I 


ames} 
tal 


vides. 


exe 


aca 


nips 
ww 


a 


*nbon 
_. , mente. 
WU. 
viG\2s. 
¥ 


Sea 
ie 


| a ee « 


ee. 
Shes 
Pd | 


Umean 


Uinf 


Umeant 


1.5%Urms 


Uinf 


O5/Div 


Umean 
Uinf 
Umean+ 
{.5*Urms 
Uinf 


.25/Div 


Urms 


Uint 
.O5/Div 


Configuration PH 2 


Location 


Location 


1 


2 


onl 
Ialv 


y HINGG: 


7 
3 cmalicsot 


_s 


~id\2e 


Configuration PH 2 


Umean Location 3 


Uinf 
Umeant+ 
1.5*Urms 


Uinf 


.23/Div 


Urms 


Uint 


.85/Div 


Umean Location 4 


Uinf 

Umean+ 
1.5*Urms 
Uinf 


SESVADIS 


ama 


crerht 
| vi 2s, 


noeall 
tn fy 


+noeal! 
—¢ eet 
teil 


vi ON a” 


Configuration PH 2 


+ Ay | fede! 


as 


vidves. 


amo 
i 
wi Gag 


" 

Gi melisosol <a i ~ neem 
a ~ ee 
7 — ‘ces TtG. 

{ = ‘ 

ds. a al ~ as 
A Pa nn B4 % +noemU 
nf ™ 4 \ aaaiive } 


bf Kho XK NV \ ae 
. 7 tt 
/ / f Oe) ~a a4 \ \ a = 


v4 ON at 
WY i _ a Felines tnt 
A. 


ee : vi qe 


a 
= 


S! nei sooo] 


a) 


§H4 noltorupiined 


MGitsosoJ 


‘ 


Adi Joon J 


6) aidbso: 


SH naitowpiiied 


noonl) 
Jnl 


+npaemU 
amnae if 


Titty 


| aves 


SH foitowelned 


fo! been 


9 mt doow.  —- : ; a noea 


Configuration PH 2 


Umean 


Umean+ 


id oot 
AW 
we 


*Urms 
f 
/Div 

W 


a 
ie 
& 


5 
1.25 

Umean+ 
5 


“2 


SHA noltoupltacd 
" 


_ ce 
J ~ _» — : 7 . noeal 


topeald 
\ enalixe | 


j i, is ™ Ff \ _ = 
| Ly hs ie. i \ \ Taiy 
TFT FN AK \ : 
| ya | 


vives 


in 
~ 

~*~ WS 
yf \ \ 
i 
} 

j 

~*~ 

yw 


=~, 
\ 
4 

7 
— 
/ 


aa 


ae 
—., 
i~ 
ii 
_ x 
a aaa 
a [ 
al 


a — 


out —— 
Pea. 
ae 
_ 
fs f or 
EN 
7 4 
—_ 


* 
PA 
; 
¢ 
\ 
- 
“ 
¥ 
, 


~+ 
\ ae ‘. / 
\ cn } ‘ f 
4, ~ i ail 4 4 
f | > \ ena 
Ne ” \ SS 
“~~ ont = 450] 
_ a va 
- wate 
“ LL { 
~ | ~ ~ 
= = vidNe ; 
£ 
- “ 
“ ; , eo] a mi } 
~ — oe 
? fg a iV. 


aa, ie LS \ “ei 
v4 i f/f \ maine 


r* vw \ —_ Ee —" 
i. “ 


. 
: $e mat spool 


: BE nai dnoc.t 


| Gf noi loses | : | 
iit, Pose ab 
| a 
, : emaUed. 
Cm \ 
. . ae \ vi@\Zs. 
: d) y yy | 


| S SC / 
; 4 Te oeenx 


vid\éq, 


Vs 


Bh. nat dase. an ___ neem 


yid\es. 


Uinf 
.O5/Div 
ee Location 44 
Vint fia 
Uinf One x \ 
mR \\ 
\on 


~ > abi fooo] 


= 
S\/ 


BP noi fesol 


a nol loool 


APPENDIX D 


PERCENT TIME EXCEEDED PLOTS 
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PERCENT TIME EXCEEDED PLOTS 
The graphs included in this appendix show the percent 
of time for which a given mean or gust velocity is ex- 


ceeded for each pedestrian location for each configuration. 
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